Abstract: Changing land-use associated with urbanization has resulted in shifts in riparian 8 assemblages, stream hydraulics, and sediment dynamics leading to the degradation of waterways.
Introduction

25
Urban streams and sediment stressors
26
Degradation of urban streams and their receiving waters is common, resulting in a suite of 27 impairments dubbed "Urban Stream Syndrome" [1] . Waterways suffering from Urban Stream 
59
issue that has been recognized for a number of pollutants since the early 1980s [5, 12, 15] .
60
Bank pins have been used to compare erosion in varying land-use which represented urban, 61 urbanizing, and agricultural watersheds as part of water quality assessment of sediment 62 contributions to Chesapeake Bay. These studies used bank pins to measure cut-bank erosion and 63 clay pads, or artificial horizons, installed to monitor floodplain deposition [9] . Measurements in 64 these catchments showed that the net site sediment budget was best predicted by the ratio of the 65 channel to floodplain width. 
72
in the America's after European settlement [19] . The extent to which flora affects flow dynamics and stabilizes the banks is dependent on the 74 type of vegetation present as well as the density and depth of root systems. Vegetation can 75 decrease soil erosion by providing structural support through root development and increasing soil 76 cohesion by supplying organic material and influencing the soil moisture content [20] . One study,
77
[21], experimented on the effect of vegetation on erosion and found a 20,000-fold increase in 78 erosional resistance with an 18% increase in the volume of root mat in silty bank materials.
79
However, another study [22] 
98
whether this was associated with higher rates of erosion due to limited precipitation events.
99
Objectives
100
The objective of this study was to examine the influence of riparian zone characteristics on 101 erosion using both bank pins and turbidity loggers. The study site was the Tookany Creek, an 102 urban stream in the greater Philadelphia region. Vegetation type and the degree of incision were 103 used to classify riparian systems. We expected erosion rates would be higher in reaches with
104
Japanese knotweed, despite dense vegetation on banks, and we expected erosion rate to be higher in 105 steeply incised reaches (also known as disconnected from the riparian zone) in contrast to reaches 106 that have little or no incision which more readily allows bank overflow (connected reaches).
107
It is currently not well understood how localized riparian conditions, such as incision and 
Monitoring Erosion
145
Bank pins and turbidity loggers were used to monitor erosion directly and indirectly, 
188
Turbidity measurements were not directly related to total suspended sediment as no sediment (Table 1) . If there were no coarse grains present at the grid 215 node, a notation of "S" was recorded to signify that only sand/loose sediment was present. 
217
227
Data Analysis
228
The turbidity response to storms was characterized by the peak value. Turbidity responses 229 generally had a rapid ascending limb followed by a gradual return to equilibrium conditions (Figure   230 4). The peaks were distinct for each storm. These turbidity peaks were compared to site 
Results
262
Logger site comparison
263
The vegetation along the banks included mature hardwood trees with visible root structure on 264 the banks. Sometimes knotweed would be present in reaches with tress, but when the presence of 265 tree roots was observed the section was labeled as tree-covered (Table 2) . In other reaches, only 
272
The streambed sediments were characterized at each logger site except for CH3 (Table 2) . Sand 
280
In both streams the embeddedness survey showed the majority of sediment (76 to 100%) was 281 either sand/loose sediment (S) or loose grains (0-2) and only two sites showed more than 20% 282 embedded grains of some degree ( Table 2 ). The two sites with strongly embedded grains were in 283 riffles, and one of the runs has somewhat embedded grains. 
285
297
of erosion at each of these pins was higher than at the other sites; thus, the rates for each site were 298 compared as an average rate.
299
The trend in average erosion rates for each site was the same across both seasons ( Figure 6 ).
300
The site with disconnected banks and knotweed (CH BP Upstream) had the highest rate followed by 303 304 
342
Neither the geomorphic position nor the grain size clearly distinguished the two logger sites
343
with statistically lower turbidity response, CH0 and MR2 (Table 2 ). CH0 is located in a run, but
344
CH3 was also and it was not statistically different than the other Chelten Hills loggers. MR2 was 
358
difference between the sites is that the knotweed section at CH is highly disconnected and it is 359 connected at MR (Figure 2 ). These results suggested that while the presence of knotweed increases 360 turbidity, the increase is not significant unless the stream is also incised.
361 362 The degree of connectivity was also considered as a factor influencing turbidity response, with 364 the highly disconnected reaches showing greater turbidity. At Chelten Hills, a statistical difference
365
(P-value 0.016) was found between the connected and highly disconnected reaches but not between 366 the connected and disconnected reaches or between the disconnected and highly disconnected 367 reaches (Figure 10a ). The mean values for connected, disconnected, and highly disconnected were 
372
The antecedent conditions were also examined to determine if dry conditions yielded different 
402
Erosion was measured directly using bank pins and indirectly using turbidity loggers.
403
Seasonality appeared to influence erosion rates as an increase in erosion can be seen in bank pins 404 after December 2015. This compliments turbidity results which, while not statistically significant,
405
show an increase in the mean turbidity response when no foliage was present.
406
Riparian characteristics were found to influence erosion rates. For instance, turbidity 
